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BASEPRESSURESMEASUREDON SEVERALPARAEK)LIC4RCBODIES

OFREVOLUTIONINFREEFLIGHTATMACHNUMBERSFROM

0.8TO 1.4ANDATLARGEREYNOLDSNUMBERS

ByEllisKAtzandWillismE. Stoney,Jr.

SuMM!RY

Basepressuresweremeasuredon severalfh-stabilizedbodiesof
~rabolic-arcprofileinfreeflightatMachnumbersfrom0.8to 1.4
andatReynoldsnumbersfrom2Q to130million.ThebodiesvariedIn
lengthfrom6 to 25 diametersandhadafterbodieswhichconvergedto
baseareasequalto19.1percentof thefrentalareas.Pressureswere

. alsomeasured‘onthesideof thebodiesimmediatelyaheadof thebases.

Thefollowingobservationswerenoted:Thebasepressurecoeffi-
. cientsvariedfrom-0.05toO.02at high-subsonicspeeds,trom-0.10to

0.09at transonicspeeds,andfrom-0.10toO at supersonicspeeds,the
valuedependingontheconvergenceof theafterbody.Forthepresent
~abolic afterbodiesof greaterlengththan3 diameters,increasingthe
convergencehadtheeffectof’increasingthebasepressureand,
correspondingly,reducingthebasedrag.Forthemostconvergentafter-
bodies,a flowcompressionexistedat thecornerof thebase. The
coefficientsofbasedragforthetestbodieswerelow,generallyless
thanO.010.

INTRODUCTION

Thepressurewhichdevelopsoverthebaseofa flat-endedbodyis
of particularinterestinthedesignof jet-pweredaircraft.This
pressure,whichistermedbasepressure,hasbeenmeasuredonbodies
havingsmalldegreesof afterbodyconvergence(seereference1, for
example)andisof suchmagnitudeas toaffectseriouslYtheperformance,
forcertainflightconditions,of aircrafthavingbodieswithlittleor.
noboattail.Fewerbasepressuredataareawailable,however,forbodies
whichhavemoderate-to-largedegreesofafterbodyconvergence,particu-
larlythroughthetransonicspeedrangeandat largeReyuoldsnumbers..
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In ordertopresentsuchdata,thispaperreportsexperimental
resultsobtainedonrocket-propel-ledbodies.atthePilotlessAircraft ‘.1.

ResearchStationatWallopsIsland,Va. Theparabolic-arcbodies””had-
baseareasequalto19.1percentof thefrontalareasandweretested
atMachnumbersfrom0.8to 1.4atReynoldsnunibersfrom23 to130
million.TheresultsIncludepressuremeasurementsonthebasesand
sidesofthebodiesimmediatelyahea’dofthebasesaswellas totalbody
draa.Thebodiesvariedinlengthfromapp??oximately6 to25 diameters.-
and-hadstabilizingfinslocatedforward

SYMBOLS

ofthebases.

cPb coefficientofbasepressurerelatedtofree-stream

()

R-PO
conditions—

%
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coefficientofbasepressurerehtedtolocal-stream
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Subscripts:

o

8

b
,-

.

.,

maximumbodyarea (#/k)

bodystationlocationofmaxhumdiameter(referencedto
nose)

3

forebodylength,diameters

afterbodylength,diameters

Reynoldsnumberbasedonbodylength

conditionsinfreestream

conditionsat sideofbodyimmediatelyaheadof thebase

conditionsonbase

MODELSANDTESTS
.

Thegeneralarrangementof thetestconfigurationsis shownin
figure1,andphotographsofthetestmodelsareshowninfigure2.
Theprofilesofthe
locatedat thebody
aregivenbelow:

bodiesdescribeparabolicarcs
maxfiumradius.Theequations

withvertexes
definingtheprofiles

.
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Thefollowingtableliststhevalues ofthegeometricpmmeters
definingthebodiesof thepresenttestmodels(themodelsarenumbered
accordingto increasinglength(indiameters)oftheafterbodies- for

h
—

reason~whichwillbe ap~rentstibsequently):

Model

1

2

3

4

5

K=:

0.40

.40

.@

.40

.&)

Total
L/D length
(disal.)

6.04

8.91

17.78

12.50

24.x

Afterbody
length,
L-Z
D

(dim.)

3.62

5.35

7.11

‘7*W

9.80

Forebody
length,

2
5

(diam.)

2.42

3.56

I_o.67

5.00

14.70
—.

Forallmodelsthefrontalarea(s&/4)
.

was0.307squarefoot,andthe
baseareawas0.0586squarefoot.-Thebodieswereconstructedofwood
andfinishedwithclearlacquertoforma smoothandfairsurface.

Thetestvehicleswerestabilizedbythreeduralwninfins,which
weresweptback45°andhada totalexposedareaof1.69squarefeet.
Inthestreamwisedirectionthefinshadhexagonalsectionsof
0.0278thickness ratio.Thetrailingedgeofthefin~intersectedthe-
bodiesat the50.53-percatstation.

A two-stagepropulsionsystemwasemployedutilizinga 3,25-inch
rocketmotorMK-7as thesuswinerwit =d a 5-fi~~~ ~tor aS the
boosteruuit.Theboosterunitwasstabilizedby fourfinsandwas
attachedtathesustainermotorby meansofa nozzle-plugadapter.A
photographofa typicalmodel-boosterarrangementon thelaunchingstand
is showninfigure3.

Dragdatawereobtainedby trackingthemodelswiththeCWDoppler
radarvelocimeterunitandtheNACAmodifiedSCR-584radartrackingunit
as describedinreference2. Dragcoefficientshavebeenbasedonbody
frontalarea(0,307sqft)andrepresentthetotaldragof theconfigu-
rationsincludingfinandinterferencedrag.-

Eachmodelwasequippedwitha standard.NACAtwo-_channeltelemeter
forrecordingpressures.Pressuresweremeasuredatthebaseandon the

.

—

.

.
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sideof themodelImmediatelyaheadof thebaseforallmodelsexcept
. model4. Thesideorificewaslocatedmidwaybetweentwostabilizing

fins. Thebaseorificewaslocatedneartherimof therocket-motor
nozzleformodels1, 2,and4 andwaslocatedwithintherocketblast
tubeformodels3 and5. Schematicdiagramsof thetwotypesofpressure
installationsareshowninfigure4.

TheerrorsintheMachnmber,pressure-,anddrag-coefficientdata
areprobablywithinthevalueslistedbelow. (Itshouldbe notedthat
thepressuredataarecontinuouslyrecordedwithtimeandthatthe
responseof thesystemto suddendisturbancesisextremelyrapid;thus,
abruptvariationsofpressurewithMachnumberareaccurately
represented.)

Errorsofmeasurement
M

M CD ~Pb ~Pb‘ c
P~

1.4 +0.005 *0.005 *0.008 *o.005 *o.olo

1.1 *,()(35 *.007 *.015 *.O1O *.om

.8 *OOC)5* *.01 *.030 *.020 *.040
.*

Therangeof thetests,in
isgiveninfigure5.

RESULTS

Forthepresenttests,the
theprimeindependentgeometric

termsofMachnuniberandReynoldsnumber,

ANDDISCUSSION

afterbodyconfigurationistreatedas
variableby whichtheresultsmaybe

systematized.AlthoughotherfactorsarepresentInthesetests,
considerationof theireffectsonbasepressureleadstotheconclusion
thatthese-iables maybe regardedas incidental.A discussionof
thelimitationsof thistreatmentisgivenintheappendix.

Figure6 givestheMachnmber variationsof (a)basepressure
coefficientC relatedtofree-streamconditions,(b)baseIres=e

‘b
coefficientC ~

%
relatedto10calconditionsimmediatelyaheadof the

base,and(c)sidepressurecoefficientCps relatedto free-stream
cond.itions.

—.
.
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‘ BasePressureCoefficient,C!
%

—
●

Thebasepressurecoefficientsrehtedtofree-streamconditions
areshownas functionsofwch numberinfigure6(a)forthefivetest
models. Thebasepressurecoefficientsvaryfrom-0.0~3to0.02athigh-
subsonicspeeds,from~.lo to0.09at transonicspeedk,andfrom-O,1o
toO at supersonicspeeds. .- ,.

Theresultsindicatea consistentandsystematicptternwhen
comparedonthebasisofafterbodyconfiguration.Althou@ afterbody. .. . .
lengthhasbeenusedastheparameterinthepresentpaper,thedata
willcorrelateequallywellwiththeboattailmgle at thebasesince,
forthetest-models,thisparameterisinverselyproportionalto the
afterbodylength.Overalmosttheentiretestrange,-astheafterbody
becomeslessconvergent(thatis,asthelengthoftheafterbody
increases),theabsolutepressureonthebasedecreases(fig.6(a)).
Thistrendisfurtherindicatedby theresultsfromreference3 fora

—

cylindricalbodywhichmaybe re~esentedashavtiga-parabolicafter-
bodyof zeroconvergence(thatis,Infinitelength)at theapproximate

—

Reynolds-numbersofthepresenttests.Inthelimitthistrendis
.

perhapsbetterthoughtofasa functionof.theconvergenceanglerather
thantheafterbodylengthsince,inrealityj””theboundarylayeronan
infiniteafterbodywouldmakethebasepressUreequaltothefree-stresm .

pressure.Thepresentresultsqualitativelyagreewiththetests
atM= 1.5 reportedinreference4 forparabolicbodiesat lowReynolds - -
numbersandartificiallyinducedturbulent.bo-mda.rylayers. 1 _=

Thepositivepeaksinthevariationsof C
%

nearthespeedof
_.

soundappeartobe characteristicofthetestmodelsandaremostmarked
forthemodelswithextremeafterbodyconvergence.

BasePressureCoefficient,C *
%

Thebasepressures,relatedto local-streamconditionsimmediately
forwardofthebase,areshowninfigure6(b)as functionsoffree-
streamMachnumberforfourofthetestmod&. Expressedinthisform,
thepressurecoefficientquantitativelydefinestheflowoverthecorner —
ofthebase: positive(+)forcompressionand”negative(-)for .-
expansion.Theresultsshowthattheflowactuallyc~mpressedIn~ssing

..

offtherearofthebodyformodels1 and2 whilean expansionoccurred
at thebasefortheconfigurationswithlessafterbodyconvergence
(models3and 5). Thecompressionat thecornerofthebasemayhave -a
beenaccompanied,at supersonicspeeds,by a standing-shocknearthat
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POintashasbeenevidencedforsimilarbodiesre~rtedinreference4.
s Inthisconnection,it isinterestingtonotetheabruptincreasein

compressionnear M . 1.0 formodels1 and2.

SidePressureCoefficient,cP~

Thepressureon thesideof thebodyimmediatelyaheadofthebase,
relatedtofree.stresmconditions,is showninfigure6(c)asa function
ofMachnuder forfourofthetestmodels.Alsoshowninfigure6(c)
isthevariationof CP~ fora parabolicbody(ofthesamefamilyas

thepresentmodels)whichhasbeenreportedinreference5. The ‘
referenceconfigurationhadan extremelyconvergentafterbodyof
1.8diametersanda noseof 7.1dlsmeters.

Withtheexceptionof thereferenceconfiguration,thepressures
at thesideof thebodieswerelessthanfreestresmthroughoutthe
supersonicspeedrange.Thevariationof sidepressurewithMachnumber
isverysimilartothebasepressurevariationsshowninfigure6(a),
particularlyintherangeof transonicspeeds.Accortigly,itappears
thatthereductioninbasepressureontraversingfromsubsonicto
supersonicspeedsisdueprimarilytoa correspondingreductioninthe
localpressureimmediatelyaheadof thebase. Thepositivepeaksin
thecoefficientsof sidepressureCPs andbasepressure

c%
near

thespeedof soundareprobablycausedby a shockmovingdownstreamand
overthesideorificeas supersonicspeedsareattained.A SiIllik
phenomenonwasnotedforthetestofa bodyreportedinreference6.

EffectofAfterbodyLength

Partof theresultsshowninfigure6 havebeencross-plotted
againstafterbodylengthinfigure7. It shouldbe notedherethat

* theseresultsareapplicableonlyfortheratioofbasetamsximum
dismeterusedinthepresenttest

(l#=o.437). Variationsareshown
forthesidepressurecoefficientC3?sandbasepressurecoefficient

c%relatedto free-streamconditions,at M = 0.9 and M = 1.2.

Alsoshownon figure7 arebasepressurecoefficientsfora bodythe
-e as thatreportedinreference~,whichhavebeentakenfromdata
asyetunptilished.Thevaluesof C

%
forafterbodiesof zeroand

infinitelengthhavebeenobtainedfromtheresultsshowninfigure6(a)
forthepointedcylintiicalbody(thevalueat M = 1.2isextra~lated
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fromthoseresults).Theresultsshownonfigure7 suggesta @ysical
pictureregardingthenatureof theflowat thebasesof thepresent
testbodies.

b

Thefluidwhichflowspastthebaseof.aslightlyconvergent
afterbodyturnsintowardtheaxisat thecornerof thebaseandis
expandedtoa lowerpressure.A shortdistancedownstreamthefluidis

—

turnedalmostparallelto theaxisandisthusrecompressedtoa higher
pressure.Theschlierenphotographsof referencek haveindicatedthat,
at supersonicspeeds,therecompressionmay”belocatedon thebody .—.—
surfaceor downstream,depentingon theaftirbodyconvergence.Itwould
appearfrominspectionof figure7 thatthebaseand=idepessuresare “
affectedas thoughby a recompressionwhich~aduallymovesupstreamas
theafterbodyconvergenceisincreased..,

Drag

Totalandbasedragcoefficientsareshownasa functionof
numberinfigure8 fortheconfigurationsofthepresenttests.

Mach
Also

includedinfigure8 areresultsfromflightsofmodelsidenticalto
severalof thepresenttestsandreported~ references7 and8. The ‘“’ .-
basedraghasbeenreducedfromthebasepF-e8suredataby us3ngthe --.
relation

“2

()
%

c% = -c% ~

andby assumingthatthemeasuredpressuresare
averageactingonthebase.

representative

—..

(1) “

of the

Thebase,dragrepresentsa mall partof theto~l dragforthe
testconfigurations,10percentbeingthetixhnumin~cated,throughout
therange.ofthetests.Forotherbasetomaximumdiameterratiosthe
basedragmaybe a considerableportionofthetotaldragsinceboth
termsintheright-handsideofequation(1)increasewithincreasing d
basediameter.Fora bodyof givenmaximumdiameter-mdafterbody
length,theincreaseintotaldragcoefficientcausedby increasingthe
basediameterissomewhatop~sedby a &creaseinthepressuredrag
overtheboattail.Thesetrendssuggest~at, forafterbodiesof given
lengthandmaxtiumdiameteroverwhichno flowseparationoccurs,there
existsan optimumvalueofbasediameterforminimumtotaldrag. .

.

.
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CONCLUSIONS

9

Free-flighttestshavebeenconducted-onbodiesof prabolicprofile
whichvariedinlengthfrom6 to25 diametersandhadbaseareasequal
to19.1percentof thebodyfrontalareas.Withinthelimitsof the
tests,thefollowingconclusionsappearwarranted: “

1.Thebasepressurecoefficientsvariedfrom-0.05to0.02at
high-subsonicspeeds,from-0.10to0.09at transonicspeeds,andfrom
Q.1O toO at supersonicspeeds,thevaluedependingon theconvergence
oftheafterbody.

2.Forthepresentparabolicefterbodiesof greaterthan3 diameters,
increasingtheconvergencehadthee~’feetOf ticreasingthebase
pressureand,correspondinglyreducingthebasedrag.

3, Theflowaroundthecornerof thebasewasobservedtobe a @
compressionforthemostconvergentafterbodies.

4.Theabruptreductioninabsolutepressureat thebasenearthe
speedof soundis indicatedtobe duetoa similarreductionintheside
pressureimmediatelyaheadof thebase.

5. Thecoefficientsofbasedragwerelow,generallylessthan
. 0.01forthetestbodies.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Va.

.
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APPENDIX

DISCUSSIONOFADDITIONALFACTORS

In theprecedingdiscussion,afterbodyconfigurationwasreferred
toas theprimevariableof thepresenttests.Howeve$,additional
factorswerepresentwhichwouldtendtolimittheresultsandconclusions
drawninthesetests.A briefdiscussionof thesefactorsispresented
below.

Base-MaximumAreaRatio .,,.

Theratioofbasetomaximumfrontalareaforthetestbodieswas
0.191.Forbodiesof differentratio,theresultsmaydifferfromthe
presentresults.

ForebodyConfiguration

Thepresentbasepressureresultshavebeencorrelatedwith
systematicchangesinafterbodyconfiguration.However,thegeometry
ofthebodiesof thepresenttestswassuchthattheforebodiesvaried
withoutrelationtotheafterbodles.Calculatedresultsby thelinear
theoryof reference9 haveindicatedthat,forthepresentbodies,the

.

inviscidflowconditionsnearthebasearelargelyaffectedlyafterbody
changesbutarelittleaffectedlychanges”inforebodyconfiguration.
Sincetheflowaroundthecornerof thebaseofa bodyisprimarilya
functionof thelocalflownearthebase,itwouldappearMat forebody
configurationisof littlesignificanceinthepresenttests,except
perhapsforReynoldsnuniberdifferencesdueto changingforebodylength.
TheeffectofReynoldsnumberisdiscussedinthefollowingsection.

ReynoldsNumber

ThelocalReynoldsnumbersat thebaseofthebodiesvariedby a
factorof k betweenconfigurations.Themagnitudeof theReynolds
numberswoulddenoteturbulentflowatthebasesofallbodies.The
resultsofreferencek forboattailedbodiesandof reference1 for
cylindricalbodiesindicatethata largechangeintheReynoldsnumber
ofa turbulentflowhaslittleeffectonha–sepressure”.Althoughthe
evidenceisnotconclusive,itwouldappearthattheeffectofReynolds
numbervariationsinthepresenttestsaresmall.

.
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BaseOrificeLocation
●

Basepressuresweremeasuredintherocketblasttube(afterburnout)
formodels3 and5 andweremeasuredcloseto therimoftherocket
nozzlefortheremainingtestmodels(seefig.4).Thisdifference
inbaseorificelocationmayrepresenta randomvariableinthecorre-
lationof thetestresults.An indicationof theeffectof orifice
location,overthetransonicspeedrange,isprovidedbytheresultsof
reference3. Foropenbases,suchas thoseof thepresenttests,the
pressuremeasuredinsidetherocketchamberwas,ineachcase,greater
thanthepressuremeasuredon thebaseannulusforbodieswithand
withoutboattailing.Theseresultsmayprtiallyexplainthedifference
inbasepressurebetweenmodels3 and~whichhad~ost identical
afterbodiesbutdifferentorificelocations.

FinInterference

of sweptbackfinsonthebasepressureisnotdefinitelyTheeffect(
hewn. Theresultsof reference10 showthat,-forthinfins(0.05thick-
nessor less)withrectangularplanformandtrailingedgelocated1 chord
lengthsheadofthebase,theeffectofthefinsonthebasepressure
wasnegligible.‘J?hus,whiletheeffectof sweepbackis stillunknown,
it seemsreasonableto assumefromthethinnesssndpositionofthetest
finsthattheireffectonthebasepressurewassmall.
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(a) Systemusedformodels1, 2,and4.
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(b) Systemusedformodels3 and5.

D.0
Figure4.-Schematicdiagramsofpressureinstallationsemployedon

testmodels.AllpressuretubesareO.1~”inchinsidediameter.
Alldimensionsarein inches.
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(a) Basepressurerelatedto free-streamconditions.

A/
Basepressurerelatedto local-streamconditions.
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(c) Sidepressurerelatedto free-streamconditions.

Figure6.-pressures,incoefficientform,measwedOnthesidesand
basesoftestbodies.
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=asuredonbodysurfaceat 99.6 yercentstation.
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Jk@re 8.-Drag resultO for test bodies. Total drsg includes drag, of mm.’ II‘.
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